Introduction: Children and adolescents living in shelters may present with impaired motor development, cognitive function, as well as speech and understanding; psychological alterations; and hyperactivity. All of these factors may be detrimental to motor learning. Objective: To investigate motor learning in children and adolescents living in shelters, and to compare it with that of individuals living in a family context. Methods: We assessed 36 individuals who were divided into groups: an experimental group, composed of institutionalized children and adolescents (EG, n=18), and a control group (CG, n = 18) that was matched by age and sex. Motor learning was assessed using a maze test in three stages: acquisition, retention and transfer. The data were analyzed using the Shapiro Wilk, Wilcoxon, Mann Whitney, Kruskal Wallis tests and Dunn's post-test (p < 5%). Results: The EG had a longer task performance time than the CG. There was a significant reduction in task performance time between the first 
Introduction
Shelters are aimed at providing protection and a home to children and adolescents who are at-risk, as stated in the Child and Adolescent Statute (Articles 90 to 94) (1) . Children and adolescents usually live in shelters because they have been abandoned by their families, have become orphans or have been taken away from their from their parents for many different reasons, including: abandonment, maltreatment, neglect, battering, begging or sexual abuse (2, 3) .
The United Nations Children's Fund (UNICEF) estimates that at least 8 million children live in institutional environments around the world (3) . In Brazil, according tothe National Survey of Children and Adolescents in Foster Care, performed by the Ministry of Social Development (4), there were 36,551 children and adolescents institutionalized in 1,991 shelters in 2010.
Children and adolescents living in shelters may present with impaired motor development, cognitive function (5, 6) , and speech (7), as well as hyperactivity (8) and psychological alterations such as personality disorders (9, 10) . These impairments may be caused by lack of family affection, rejection from shelter peers and social discrimination (2) . All of these factors may be detrimental to motor learning.
Motor learning (ML) is defined as the ability to perform a task with improved performance due to experience and practice (11, 12) . Thus, three stages are important in the analysis of ML: acquisition, retention and transfer (13) . In the acquisition stage, individuals make several attempts to adapt to a new task. They activate the cognitive, emotional and attentional process to perform the task (14) . In the retention stage, after a period without practice, it is verified whether the individual has really acquired certain ability. Finally, in the transfer stage it is checked whether a motor behavior can adapt to changes in the task performed (15) .
Previous studies have used different tasks to assess ML, including basketball games (16, 17) , trail making tests (18) , virtual reality with a cell phone (19) , and the use of software in a computer (15, 20, 21) , such as the maze test used in this study, which was performed in a virtual computer environment and in a real environment, using a sheet of paper. The maze test has already been used to assess people with typical development (22) , deficiency (15) , and syndromes (23), as well as older adults (24) .
As mentioned before, individuals institutionalized in shelters may suffer impairments that may be detrimental to their development and to motor learning. Moreover, there are only very few studies on the development of motor skills in institutionalized individuals. Thus, this study aimed to investigate motor learning in children and adolescents living in shelters, and compare them with subjects living a family context.
Methods
This was a cross-sectional study, with data collected between September and December 2015. Ethical approval was obtained under CAAE: 46157215.0.0000.551. Thirty-six subjects (children and adolescents) participated in this study. Of these, 18 lived in a shelter in the countryside of the state of São Paulo (experimental group -EG) and 18 did not live in shelters (control group -CG). All subjects participated in an educational and sports project in that same city. These subjects were matched by age and sex with the EG.
Inclusion criteria were subjects aged 6-18 years, who had signed an assent statement and whose legal guardians authorized involvement in the study by signing an informed consent form. Exclusion criteria were having neurological impairment or a visual, cognitive or physical impairment that might prevent comprehension or completion of the task. Of the children and adolescents who did not participate in the study, four had neurological impairments and two were younger than the age group targeted in this study.
Motor learning was assessed in a classroom and subjects were sat in chairs and desks to complete the maze test. The maze test used in this study was developed and used by Rodrigues et al. (25) (Figure 1 ). It was performed in a virtual environment in a 15-inch Samsung ® Notebook, using a regular optical mouse ( Figure 2 ), and in a real environment with the same proportions of the virtual one, using A4 size sulphite paper and a BIC ® ballpoint pen ( Figure 2 ). The maze test is composed of one spatial memory activity in which the subject has to go through a path with only one entry/exit. The time needed to complete the task was measured using a stopwatch. Participants were instructed to use their preferred hand to complete the test. The assessment protocol was divided into three distinct stages: acquisition (task performed on a computer, in a virtual environment), retention (the same task performed in a virtual environment) and transfer (task performed on a paper sheet, in a real environment). The study protocol was standardized andequally administered by the same examiners to all EG and CG participants. In the acquisition stage, all children and adolescents performed a total of 30 repetitions of the maze task on the computer. After a five-minute rest period, participants started the retention stage, in which they had to complete another five repetitions of the same maze task on the computer. In the transfer stage, participants had to perform another five repetitions of the same maze task, only this time on a paper sheet.
The data collected was organized into blocks of five trials and analyzed using the statistical software GraphPad Prism. Data normality was determined by the Shapiro Wilk test. Due to data normality, a Wilcoxon intragroup comparison for dependent samples was done. The Mann Whitney test was used for intergroup comparisons. The non-parametric Kruskal-Wallis test and Dunn's post-test comparison were applied for analysis of the three variables (last acquisition block, retention and transfer). The level of significance was set at 5% and the data was expressed in median and interquartile range.
Results
The mean age of the sample was 12.2±3.24 years, with 10 female and 26 male. We found that the EG had longer task performance time than the CG in all stages of the protocol, with significant difference between groups (p < 0.0001*) ( Table 1) . We found a significant reduction in task performance between the first acquisition block (A1) and the last acquisition block (A6) in both groups (GE: p < 0.0001*) (CG: p < 0.0000*). We also found that the difference between A1 and A6 for both groups were similar (Table 2) . When comparing A6, retention and transfer, we found that both groups had the same task performance time in all the above mentioned stages, with no significant difference between groups (Table 3) . 
Discussion
This study used the maze test to investigate ML and found that children and adolescents who lived in shelters had longer task performance time in all stages of the study when compared to their controls. This finding may be explained by a possible developmental deficit in institutionalized individuals. Chaves et al. (26) assessed 44 institutionalized children and adolescents. The authors investigated anthropometric data and children's development using a semistructured instrument to consult medical records and performing physical examinations (assessing weight, height, cephalic perimeter, thoracic perimeter, child development milestones and, in younger children, primitive reflexes). The growth of children who live in shelters was considered satisfactory, but they showed a delay in their psychological and social development.
We also found a reduction in task performance time between the first (A1) and the last task performance block (A6) in both groups. This evidences that task training during this stage led to an improvement in performance, even if the EG had longer task performance time than the CG. According to Tallet et al. (27) , the learning process occurs through memory storage. Thus, individuals perform well in specific activities when they train them for a long period of time. This explains the evolution of the groups assessed in this study, as they trained the task several times during the acquisition stage.
When comparing the variables of the last acquisition block, Retention and Transfer, in both groups, we found no changes in task performance time, not even when comparing task performance in a virtual environment (Acquisition and Retention) and in a real environment (Transfer).
In this study, we used a real maze in the transfer stage to analyze the process of adaptation to a task change. Probably because the task was easy to understand and the subjects had already had contact with the virtual reality, the change to a real interface did not represent an obstacle to performance and the performance time of both groups remained constant. Nevertheless, although the EG showed no changes in task performance time between test batteries, its performance time was still longer than that of the CG, which confirms the deficit in the EG group.
Previous studies (28, 29) confirm that individuals institutionalized in shelters usually have impaired psychomotor development when compared to noninstitutionalized individuals. This may be detrimental to the performance of motor activities such as the maze test.
The findings of this study indicate that the EG and the CG evolved in a similar way in the performance of the motor activity maze. Notwithstanding, the EG had a longer performance time, probably due to the need of greater stimuli and more training for an effective learning experience. In this context, Torquato et al. (30) state that an individual's intellectual, motor and emotional development requires stimuli that may be provided by an affective relationship in the context of family interaction. An individual who lives in a shelter is usually deprived of receiving stimuli generated by interaction among family members. With time, however, these children and adolescents look for affection in their peers, creating a family environment where these stimuli can be generated (30) . This may favor their development.
The authors (30) also report that these individuals also have an impaired neuro-psychomotor development, although with no significant results. This fact may indicate once again that individuals from the EG and the CG have a similar development, but the EG has a longer performance time.
The finding for the CG (i.e., no changes in task performance time throughout all testing stages) is probably due to fact that the task was easy to perform for all these subjects. According to Fox et at. (31) , when individuals live in a stable family environment they show significant differences in cognitive development, language, memory and speed of information processing during performance of a task, when compared to institutionalized individuals. This explains the longer task completion time demonstrated by the EG.
The results obtained in this study allow us to affirm that the maze test is an important tool for the analysis of motor learning, because its completion requires basic motor skills, the test is easily used in research and it can be administered both to typical and atypical individuals (24) , such as older adults, children with neurological injury or with delayed development -like the ones in this study. Nonetheless, in this task, time is seen as quantitative variable of motor learning and hence we used the maze test to investigate subjects' ability to perform the task the best they could, as measured by movement time.
During this study, we were not able to find many studies on ML in children and adolescents living in shelters, regardless of the task selected for analysis. This fact potentiates the results found in this study and reveals the importance of assessing motor learning in this population.
As a study limitation, we note the relatively small sample size due to the smaller number of institutionalized children and adolescents in the selected age group. We suggest the conduction of other studies with bigger samples and, quantitative and qualitative analyses of learning motor.
Conclusion
Individuals living in shelters showed a motor learning deficit, as evidenced by longer task performance time when compared to their controls. Nevertheless, both groups performed the task in a similar manner.
